An important information on the neutrino properties follows from "non-neutrino" experiments, (e.g., LEP measurements of the width of the Z 0 -boson), as well as from the astrophysics and cosmology (evolution of stars, neutrino burst from SN1987A, primordial nucleosynthesis, large scale structure of the Universe).
INTRODUCTION
A "Zoo" of the neutrino experiments includes: direct measurements of the neutrino masses, double beta decay searches, oscillation experiments, searches for the neutrino decays, "peaks and kinks" (in energy spectra of charged leptons from the weak decays), detection of the atmospheric neutrinos, spectroscopy of the neutrinos from Sun. The main goal (or one of the main goals) of these experiments is searching for the neutrino masses and mixing. Moreover, the results of the experiments can be presented as certain regions (excluded, unexcluded, favoured, disfavoured, etc.) on the unique plot of the mass and mixing parameters (say, ∆m 2 and sin 2 2θ in two neutrino case). Another goal is searching for neutrino interactions beyond the standard model (e.g., neutrino-Majoron coupling, electromagnetic interactions due to large magnetic moment of neutrino, etc.).
An important information on the neutrino properties follows from "non-neutrino" experiments, (e.g., LEP measurements of the width of the Z 0 -boson), as well as from the astrophysics and cosmology (evolution of stars, neutrino burst from SN1987A, primordial nucleosynthesis, large scale structure of the Universe).
In a number of experiments a neutrino is used as the "probe" particle for studies of structure and interactions of other particles (measuring the structure functions of the nucleons, determination of the electroweak mixing angle and the weak neutral currents of the electrons, etc.)
In present review we will consider the experiments which give the information on the neutrino properties, and first of all, on the neutrino masses and mixing.
FLAVORS AND MASSES
1. There are three neutrinos. Measurements of the invisible width of the Z 0 boson at LEP give the number of light (m < ∼ 50 GeV) neutrino species with usual weak interactions :
N ν = 2.98 ± 0.03, 90%C.L.,
(combined result of four collaborations 1 ). With statistics increase, N ν continuously con- 
The value of m 2 is about 1σ below zero which may testify for some undiscovered systematic error, especially in view of the fact that all other experiments also give negative values of m 2 .
(For discussion of this problem see 8 ) . In this connection, the discrepancy was pointed out 3, 6 between the data and the spectrum expected from the theoretical final state distribution. In 1993, Mainz group has taken new data for 3 months and it is expected that statistics accumulated can considerably improve the limit (2), as well as can help to understand possible systematic errors. Also for this purpose the measurements are performed with conversion electrons from 83m Kr.
3. Muon neutrino: the best limit on the mass follows from study of the pion decay 
The electromagnetic calorimetry allows CLEO to detect the decays with neutral pions:
τ → (3h) − 2π 0 ν τ . As much as 53 events of such a type have been found. A sample analyzed includes also 60 events with 5 charged pions. The limit is determined, actually, by a few events near the end point. ARGUS group detecting only charged pions is lucky: the limit was obtained with just 20 events; the probability to get such a limit is 12 p ≈ 0.04%. The probability of CLEO limit is 13.9 % .
5. Strong bounds on tau neutrino mass follow from a primordial nucleosynthesis 13−16 ( fig.2 ). At the epoch of nucleosynthesis the neutrinos with masses m > 0.1 MeV were nonrelativistic (in appreciable part of spectrum). Their contribution to the energy density in the Universe is characterized by N ef f -the effective number of the relativistic neutrinos giving the equivalent amount of energy. The contribution of massive neutrinos is the interplay of two factors: ∆N ef f ∝ m · n(T ),-the mass, and the concentration, n(T ); the latter is exponentially suppressed at temperatures T < m. As the result of the interplay the energy density, has a maximum at m = (4 -6) MeV, and in maximum: ∆N ef f ∼ = (4 − 5). Total effective number of the relativistic neutrinos, N ef f , is restricted by present 4 He abundance.
The limit N ef f < 3.4 was used in original paper 13 and the regions of masses of the Majorana neutrino (0.5 -25) MeV and (0.5 -32) MeV were excluded for the neutrino lifetimes larger than 1 s and 10 3 s correspondently. Recently the bounds have been refined. In 14 using even weaker restriction, N ef f < 3.6, the region 0. 
GeV, which is appreciably larger than the electroweak scale, i.e., the electroweak see-saw does not work, etc..
It is important to strengthen the laboratory upper bounds: the discovery of the tau neutrino mass in the region about 30 MeV will mean either that the neutrino is unstable, and moreover, the invisible modes (like the Majoron one) should dominate, or that present picture of the primordial nucleosynthesis is incorrect.
The above nucleosynthesis limit is applied also to the muon neutrino.
7. Let us define the following mass scales:
where m e , m µ , m τ and m W are the masses of the electron, muon, tau lepton and W-boson correspondently. Such relations can arise from the see-saw mechanism of mass generation with Majorana mass of the right handed neutrinos m(ν R ) = M. At M = m W the masses in (6) coincide (up to the factor of 2) with present upper bounds on the neutrino masses (2 -4) . This means that the sensitivity of present searches is at the level of the electroweak see-saw (M = 30 -300 GeV). (Although it is unclear how the singlet ν R "feels" this scale).
Physics of solar neutrinos determines another scales:
which imply much higher values of M. 
where U ei , m i , and η In a study of the (ββ) 2ν -mode the Collaboration used the data taken by the detector # 2 (2.6 kg) from September 1991 to August 1992. In the interval 800 -1500 kev after background subtraction (the model of the background build from measured quantities) more than 4100 events have been prescribed to (ββ) 2ν decay. The energy distribution of two electrons as well as the half life, T 1/2 = (1.42 ± 0.03 ± 0.13) · 10 21 y, (90%C.L.) agree with expectations, and the error bars reflect the amusing progress in the field.
In searches for the neutrinoless mode all the exposure time was used and the best limit 17 has been obtained
It corresponds to the effective Majorana mass
for "Heidelberg" nuclear matrix element. These results, however, were not changed practically during last year although the exposure time has increased appreciably. The reason is the appearance of the excess of events at the end point. The following features of the excess are remarked: (1) it has a shape of the peak at the energy E = 2040 kev which coincides with the end point; (2) the width of the peak ∆E = 4.4 kev corresponds to the energy resolution of the detector, 3.7 kev; (3) the increase of the number of events in the peak with time can be described by linear dependence; (4) the number of the events in the peak (∆E = 8.8 kev) equals N p = 28, whereas the expected number of the background events (extrapolation of the signal from the regions outside the peak) is N b = 15. The peak can be explained as 2.7σ fluctuation of the background; the fit of the data by using the hypothesis "background plus peak" gives 1.5σ significance of the peak. In August'93 new sample of the data has been analyzed 19 , exposure time has reached 83.03 mol*y. Since the background increased more fastly than the peak did, the significance of the excess has decreased from 2.7 to 2.2σ. The interpretation of the effect is still unclear, but the excess is strong enough to be proved or disproved within reasonable time scale (∼ 1 year).
The Majoron mode of the decay was searched 18 in energy "window" 1100 -2050 kev (71% of all expected events). Total number events, 208, has been found, whereas the background model gives N σ = 92.5 events. Thus the 2.25σ excess has been observed , but the energy distribution of events has a "wrong shape"
yr (90 (68) % C.L.) has been obtained which gives the restriction on the Majoron coupling: . This corresponds to the upper bound m ee < 2. 
. The latter result corresponds to rather strong limit on the Majoron coupling: g χ < 1.8 · 10 −4 . At present (October'93) 22 the exposure time has increased up to 6140 h (1.2 mol*y), the number of (ββ) 2ν events is 1302 (background subtracted), which gives T 1/2 (2ν) > 1.1 ± 0.03(stat) · 10 19 yr. New limit on the Majoron mode is T 1/2 > 1.7 · 10 21 yr, 90% C.L. which strengthens the bound on g χ by factor of ∼ 1.5. 
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and this ratio agrees well with two neutrino decay mode. Using Pb-dating one finds the absolute value of the half life for 130 Te: T 1/2 ( 130 T e) = (2.7 ± 0.1) · 10 21 yr, and consequently, using the result (11): T 1/2 ( 128 T e) = (7.7 ± 0.4) · 10 24 yr. The ratio (11) allows also to get the upper bounds on the neutrinoless modes, and consequently, on the Majorana mass: according to the see-saw the mass of third neutrino can be in the region (1 -30) eV. But its admixture to the ν e state is typically predicted to be very small
, and consequently, the contribution to the effective Majorana mass is negligible: m ee ∼ m ⊙ .
There are several ways to reconcile the "observable" Majorana mass and the neutrino physics solution of the ν ⊙ -problem 26 . The admixture of the ν 3 in the ν e state can be enhanced so that the effective Majorana mass is due to admixture of the third neutrino: fig. 3 ). The enhancement can be obtained by the see-saw mechanism with certain structure of mass matrix of the RH neutrinos. In turn, this structure can be a consequence of certain family symmetry at high mass scales and it implies a strong mass hierarchy of the RH neutrinos.
Another extreme case corresponds to strongly degenerate spectrum: The double beta decay with emission of massless scalar particle may take place without lepton number violation, so that scalar carries double lepton charge and the Majorana neutrino mass is zero 31 . Such a scalar may appear as the Goldstone boson at spontaneous violation of some new symmetry which is not related to the lepton number. The scale of violation can be as large as 100 MeV which allows one to escape from the Nucleosynthesis bound. The double beta decay with "charged Majoron" has more soft energy spectrum of two electrons than the standard Majoron decay 31 .
It was argued that all global symmetries are broken by gravity (Planck scale interactions) which means that massless Majoron does not exist at all 32, 33 . At low energies the effects may be described by nonrenormalizable effective interactions with can drastically change the picture of the lepton number violation for small scales σ 0 . For example, the term λ as function of the lepton mass. Preliminary result for the N admixture in, e.g., the ν τ is:
The result is important for the electroweak see-saw. If the mass of the right handed neutrino is ∼ 60 GeV, then its admixture in the tau neutrino state may be as large as 5. CHARM-II collaboration has published the limit on ν µ − ν τ oscillations 44 . In the detector ν τ would produce the τ -leptons that decay, in particular, as τ → ν τ π. No excess of the events with single pion has been observed. The limit on sin 2 2θ is only factor of two weaker than the best limit on this mode from E531.
There are new results from E645 oscillation experiment 45 at meson factory LAMPF. For "non-exotic" modeν µ ↔ν e the upper bounds have been found ∆m 2 < 0.14 eV 2 at maximal mixing and sin 2 2θ < 0.024 for large ∆m 2 .
Essential progress in the field will be related to new high precision experiments CHORUS 46 and NOMAD 47 at CERN which will start next year, as well as to long base line experiments.
6. It has been argued in 48 that for the ν τ mass in the cosmologically interesting domain 2 -30 eV the strong restrictions on the ν τ − ν e mixing can be obtained from Supernova.
Such a mixing will induce the resonant conversion of the ν τ in the ν e near the core of the star thus producing ν e with high energies (original ν τ have about two times higher average energies than ν e ). High energy electron neutrinos will strongly suppress r-processes. If supernovae are produce r-process heavy elements, then region sin 2 2θ > 10 −4 −10 −5 is excluded.
ATMOSPHERIC NEUTRINOS
The atmospheric neutrinos are formed in the decays of pions: π → µν µ → eν µ ν e ν µ (and, Upward going muons: Muon neutrinos produce the muons in the rock that surrounds the detector. The time and the angular resolution of detectors allow to pick up the muons arriving from the down semisphere (also horizontal muons were studied). These events, in turn, are divided into two categories: stopping upward going muons (muons decay in the detectors) and through going muons.
Typical energies of the original neutrinos are: 5 -10 GeV, 20 -100 GeV, and 50 -300
GeV for contained events, stopping muons, and through going muons correspondingly.
double ratio
for the contained events measured by waterCerenkov detectors Kamiokande and IMB from It is of great importance for implications to study the effect at higher energies. For 
which is larger than the result from the first 0.5 kt*y: R(µ/e) = 0.55 ± 0.27(stat). The ratio is close to that seen by Kamiokande and IMB, thus confirming the problem, but R(µ/e) = 1 is also not excluded: the probability to be in agreement with 1 is about 11%.
Some remarks are in order. The data show the deficit of the µ-like events whereas e-like events are in a good agreement with predictions. However, for second 0.5 kt*y only, one finds 22.5 tracks which coincides with predicted value 22.1 track, i.e., there is no deficit of muon neutrinos. The respective increase of the number of events could be related to the increase of mass of the detector in second series (680 -750 tons), and therefore to the increase of the acceptance to muons. The double ratio in second series is R ≈ 0.77 -more close to 1. All these features can be a result of statistics and more data are needed to make a firm conclusion. should mention the fact that the upwardgoing muons correspond to higher neutrino energies and the oscillations ν µ ↔ ν e can be suppressed by matter effect in the Earth at high energies more strongly than at low energies. The survival domains are
for ν µ − ν τ oscillations and
for ν µ − ν e ( fig.5 ). In the indicated regions the data from different experiments are described at about 2σ level and, consequently, the total probability that all the data are fitted by the parameters (17,18) is rather small.
Note that maximal mixing is excluded as a solution of the atmospheric neutrino problem by Frejus result on the double ratio and by IMB result on stopping/through going muons, and the uncertainties of both results are rather small. This fact is very important for theoretical implications. 
Another explanation
The Ar-production rate in a series of the experiment in 1986 -1992 (after stop of the experiment in 1985 -86), Q Ar = 2.85 ± 0.16 SNU, is appreciably higher than the average.
Time combined (≈ 5 years) Ar-production rate is shown in fig.6 66 . Clearly the rate in the last bin is higher than in the previous ones. The latest data do not confirm the anticorrelation with solar activity: large number of the sunspots in 1991 -1992 was accompanied by high counting rate. On the other hand the data confirm 2 -3 years period variations of signal.
2. Kamiokande III (ν e,x + e → ν e,x + e, E th ∼ 7.5 MeV). The observations during 627 days (Dec '90 -July '93) give the ratio of the measured flux of the boron neutrinos to the predicted one
where There is a number of changes in the GALLEX-II experiment: it runs in another tank, the exposure time is larger: about 1 month, etc. . Preliminary results from 6 runs of the GALLEX-II (19 August 1992 -3 February 1993 give the average Ge-production rate, Q II Ge , about 1σ higher than in first series. The points have rather small spread around 100 SNU, and only in one run a low signal has been detected. Combined result of GALLEX-I and
The following aspects of new result are important for implications. 1). The error bars become smaller: a combined error is ∼ 16 SNU as compared with 24 SNU in the first series.
2). The lower limit goes up:
3). The deviation from the SSM predictions (122 -132 SNU) is on the same level as before:
the data are ∼ (2.2 − 2.6)σ below the expected value.
Let us note that the production rate obtained from L-peak (1.2 kev) is larger than that from K-peak (10.4 kev) in both series: 2). Signal in the Cl -Ar experiment is suppressed more strongly than the signal in the Kamiokande. It follows from (26) that
This statement can be relaxed if one takes into account the Cl-Ar data only for a period of the operation of Kamiokande: There are several directions in which the source of the discrepancy is looked for.
6. After GALLEX publications it becomes fashionable to discuss the "detection" solution of the problem, keeping in mind that some of the experimental results may have incorrect interpretation.
GALLEX results are rather stable and convincing. It is difficult to expect appreciable changes of numbers. Probably, fixing of the K -L difference diminishes the counting rate.
On the other hand the calibration experiment may result in the renormalization of the effect and in increase of the measured neutrino flux. SAGE experiment confirms GALLEX results.
Kamiokande results are stable, convincing, and the experiment had been calibrated.
Homestake experiment shows the strongest suppression of signal. There is no calibration.
The following features of the data which have small statistical probability are remarked: the probability that the data correspond to the constant flux is smaller than 5% ) and consequently, the double ratio in (27) should be larger than 1 in contradiction with experimental result.
(Although, the production regions of boron and berillium neutrinos differs and modifying the temperature profile one may change, to some extend, the above relation 76, 77 when the mass spectrum has a strong hierarchy and the admixture of the third neutrino is small) the data pick up two regions of parameters (see fig. 10 ). The one corresponds to small (vacuum) mixing solutions 80,81 :
another one to large mixing solution:
Lower bounds on Ge-production rate from GALLEX (24) disfavor the third region with large mixing and small ∆m 2 . In presense of third neutrino the allowed domains become larger, in particular, the region of small mixing solutions can be extended 82 up to sin 2 2θ = 8 · 10 
where φ is a phase. Such a relation between the angles and the masses is similar to the relation in quark sector 83, 84 and follows naturally from Fritzsch ansatz for mass matrices.
There are the models which realize such a possibility in terms of the see-saw mechanism of mass generation 85 .
Also large lepton mixing corresponding to solutions (29) can be reproduced by the seesaw mechanism. The enhancement of mixing (as compared with quark sector) may take place due to certain structure of mass matrix of the right handed neutrinos which, in turn, can be explained by certain family symmetry 86 .
10. Alternatively the data can be described by long length vacuum oscillations ("justso") 87 with parameters 88,89 :
(see fig. 11 ). The parameters (31) can be rather naturally reproduced by Planck scale interactions with flavor universal effective couplings 90, 91 . However, the mixing with parameters (31) is disfavoured by the data from SN1987A 92 . For large mixing the transitionsν µ ↔ν e (ν τ ) result in the modification of theν e -energy spectrum. In particular, the appearance of the high energy tail is expected, since the originalν µ (ν τ ) energy spectrum has a larger average energy than the spectrum ofν e . The events with E > 40 -50 MeV are predicted in contrast with observations. The excluded region ( fig. 11 ) covers the region of "just-so"
Although a solution of the solar neutrino problem will be possible with data from new solar neutrino experiments, already present data allow to make some firm conclusions (independent on the model of the Sun etc.). Kamiokande gives the model independent restrictions on the neutrino parameters from measurements of energy spectra of the events and from search for day/night effect 67 . Lower bound on Q Ge obtained by GALLEX allows to exclude (practically in model independent way) a large region of the neutrino parameters ( fig. 10 ).
12. Reconciliation. Is it possible to reconcile the particle physics solution of the solar neutrino problem (28, 29, 31) 
Such a neutrino could be a component of the hot dark matter which is needed to explain a formation of large scale structure of the Universe 93 .
Let us make remarks.
1). The neutrino parameters (28) for ν e → ν µ can be easily reproduced in the see-saw mechanism with Majorana mass of the RH neutrinos 10 10 − 10 12 GeV. For third neutrino, being main component of ν τ , one gets m 3 ∼ 1 − 30 eV just in the region (32) . New experiments at CERN (CHORUS and NOMAD) will be able to study a large region of mixing angles of such a neutrino. However, in this case there is no room for a solution of the atmospheric neutrino problem. New solar neutrino data also confirm previous results. If the interpretation of all the experimental data is correct any astrophysical solutions of the problem are disfavoured. The results can be well described in terms of the resonant conversion or long length vacuum oscillations (although the latter is disfavoured by SN1987A data).
Reconciliation of these results allows to trace possible patterns of the neutrino masses and lepton mixing, and the latter seems not to coincide with mixing in quark sector. 
